The isolated, formaldehyde-fixed nucleoid of E_. coli has been analyzed by isopycnic centrifugation in CsCl density gradients. The membrane-free nucleoid bands at a density of 1.69 ± 0.02 g/cm 3 . The membrane-associated nucleoid bands at a density of 1.46 ± 0.02 g/cm 3 . Both species sediment to equilibrium as nearly monodisperse bands in CsCl, suggesting that the nucleoid components of DNA, RNA and protein are present in relatively constant ratios. These ratios are constant regardless of the position of the nucleoids in the heterogeneous sedimentation profile of a preparative sucrose gradient. The fixed nucleoids remain condensed during isopycnic centrifugation and there is no detectable loss of RNA from the nucleoid.
INTRODUCTION
The nucleoid of Escherichia coli has been isolated as a structure with 8 similar dimensions and DNA content as the nucleoid observed in_ vivo .
Methods for preparing the nucleoids with or without attached membranes have been developed and these structures have been characterized ~ ' . The membrane-associated nucleoid sediments as a broad band in sucrose density gradients with an average sedimentation coefficient of about 3200 S and 3 4 it contains a heterogeneous protein population ' . Protein and DNA have been found to be present in roughly equal amounts in the membrane-associated nucleoid . The membrane-free nucleoid sediments at about 1600 S and contains only about 10% protein relative to-DNA. The major fraction of the protein in membrane-free nucleoids consists of the subunits of core RNA polymerase. The fraction of RNA relative to DNA is about 40% in the membrane-free nucleoid .
In the present work, we have found that both membrane-free and membraneassociated nucleoids can be banded by isopycnic centrifugation in CsCl density gradients after fixation with formaldehyde. Both nucleoids band at their characteristic densities and remain condensed during isopycnic centrifugation.
MATERIALS AND METHODS
E. coli strain D-10 was grown and harvested as previously described .
35
4 Protein was labeled with S as described by Worcel 6 Burgi . DNA was 3 14 labeled with H-methyl -thymidine and C-thymidine as previously des-7 _ ^4 cribed . When protein was labeled with C, cells were grown for one gen-14 eration in 20 uCi/ml of C-labeled protein hydrolysate (Schwarz-Mann) in medium lacking casamino acids.
Cells were lysed by a modification of the procedure of Stonington and the C-labeled DNA in the nucleoids (Fig. lb) . As revealed by the H: C ratio before and after banding, the RNA:DNA ratio in the fixed nucleoids was unchanged (Table 1) . Previous studies have demonstrated that most of the H-uridine is incorporated into RNA when nucleoids were labeled as in Figure lb ' . Furthermore, about 65% of the H radioactivity could be 14 separated from the C-labeled DNA when unfixed nucleoids were banded in CsCl ( The fixed, membrane-associated nucleoids had a buoyant density in CsCl 3 of 1.46 ± 0.02 g/cm (Fig. 2 ) . Although this density was characteristic and reproducible in our hands, some variation can be expected in different preparations, since the amount of membrane which remains attached to the DNA is highly dependent upon the conditions of lysis. In a manner similar to the membrane-free nucleoid, only about half of the protein of the membrane-associated nucleoid remains attached to the structure during the centrifugation in CsCl (Table 1 and Fig. 2 ). breadth of their sedimentation profile is attributable to a heterogeneity 2 in sedimentation rate . When nucleoids from the peak, leading or trailing edge of the heterogeneous sedimentation profile were banded by isopycnic centrifugation, all fractions had the same buoyant density (Fig. 3 ) . Thus, it appears that nucleoids of different sedimentation rate and presumably at different stages of replication also have a constant composition of protein, RNA and DNA. It should be emphasized that the membrane-free nucleoids have protein and RNA contents accounting for approximately 40% of their mass and that minor variations in these contents would be expected to substantially influence the buoyant density of the particles.
The formaldehyde-fixed nucleoids remained condensed in particles after centrifugation in CsCl gradients, as indicated from their sedimentation rate and from fluorescence microscopy studies. As shown in Figure 4 , the membrane-free nucleoid sedimented at 1300 S after the isopycnic centrifugation, compared to 1500 S before exposure to CsCl (Fig. 4a) . The membrane-associated nucleoid sedimented at the same rate (3200 S) before and after the isopycnic centrifugation (Fig. 4b) . The nucleoids visualized by fluorescence microscopy had the same size and appearance before and after exposure to CsCl (Plate 1).
Fixation of the nucleoids prior to banding in CsCl was required to preserve their structure. The unfixed nucleoids shifted in buoyant density to a value very near that of purified Z_. coli DNA (Fig. Id) . Furthermore, there was a loss of RNA components (Table 1 ) and the sedimentation rate of the DNA was more characteristic of the unfolded chromosome (Fig. 4a) .
DISCUSSION
The present research demonstrated that isolated bacterial nucleoids, after fixation, can be analyzed by isopycnic centrifugation in CsCl density gradients. While the condensed DNA renained packaged during this procedure and the RNA components of the nucleoid remained attached, there was a significant dissociation of the protein components. Apparently the lost proteins were not essential in the DNA packaging, since the state of condensation of the chromosome did not change significantly. Isopycnic centrifugation may therefore provide a means for purifying the nucleoid while preserving components essential to its structure. For studies requiring preservation of the protein components of the nucleoid, it is possible that a more prolonged treatment with formaldehyde would fix all of the proteins.
The membrane-associated nucleoid had a buoyant density substantially less than the membrane-free nucleoid. This difference is consistent with the known protein and lipid compositions of the structures. The membranefree nucleoid has no detectable phospholipids, while the membrane-associated nucleoids have bound phospholipids and about 10 times the amount of protein per particle . Figure 3_ . Buoyant density and sedimentation velocity analysis of membranefree nucleoids. Cells were labeled with a H-methyl -thymidine and nucleoids isolated on a sucrose gradient as described in Materials 6 Methods. The bottom of the gradient contained a "shelf" of saturated CsCl in 50% sucrose at fraction no. 3 to collect very rapidly sedimenting material. Fractions from leading and trailing edges and peak of the Plate 1_. Fluorescence microscopy of_ isolated membrane-frt:e nucleoids before and after isopycnic centrifugation. Nucleoids were visualized as described by Hecht et al.
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B (a) Nucleoids from a preparative sucrose gradient; (b) Nucleoids after banding in CsCl as described in Materials and Methods. Scale bar represents 5p .
